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“ Light Draught Launch.” 
By EDWARD WOODROWE Cowas and JAJIES FAWCUS, Studs. Inst. C.E. 

IN the month of January, 1882, the  Baptist Missionary Society 
invited  tenders  for the construction of a launch, to assist in 
carrying  out  their work  on the Upper Congo River in  Africa. 

The  launch was required to fulfil the following conditions :- 
It was  not  to exceed 70 feet in  length;  the  draught was not to 
exceed 2 feet G inches, and  might  with  advantage be reduced to 
1 foot. It was t o  afford  comfortable cabin accommodation for 
four people, and  to  be capable of carrying a load of 4 tons. The 
boiler  was to bc  designed to consume  wood as fuel, it being  im- 
practicable to procure coal in  that  part of Africa. The speed was 
to be 1 2  miles  per  hour. The boat was to be  constructed in such 
manner  that it could readily  be  taken to pieces for  shipment  after 
trial ; the majority of the  parts were not  to  weigh more than 64 lbs. 
each ; and no part was to exceed 13 cwt., as they  all  had  to be 
carried by natives  for a considerable distance. The  launch,  which 
Nessrs.  Thornycroft  and Co. designed, and  afterwards  constructed, 
fulfilled  these  conditions efficiently. 

Of the tenders received, in Messrs. Thornycroft’s  design alone 
was screw-propulsion adopted, the shallow draught seeming to 
have  precluded its use in the case of other constructors. 

Fig. l illustrates the launch  and its fittings. The  total  length 
is 70  feet, beam 10 feet G inches at t,he water  line,  and  greatest 
draught  not  quite l 2  inches,  being more than 1 foot G inches less 
than  that required. The  total displacement  when loaded is 
9.82 tons. 

The  hull is constructed of Bessemer steel  plates,  attached with 
iron  rivets  to forty-six  angle-iron  frames, and divided into  water- 
tight compartments by  three bulkheads and  three half-bulkheads ; 
the thickness of the  plates composing the  hull varies  from 20 to 
16 Birmingham  wire  gauge ; they  are  all galvanized. 

The  hull, Fig. 1, is  nearly flat-bottomed in order  to  re<uce the 
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draught.  The  wetted  surface is 61 * 3 square  feet  per  ton of displace- 
ment,  which is very  large,  and  correspondingly affects the dis- 
placement-coefficient. This  is shown for different speeds by a  curve 
on Fig. 9. It will  be noticed that  its highest displacement-coeffi- 
cient,  which is a t  about 280 revolutions  per  minute, just reached 
100, a high coefficient considering the size of the boat and  the form 
of the hull. The launch is propelled by  twin screws revolving 
outwards, and  situated in channels formed in  the after-part of 
the hull. The  arrangements for steering consist of an ordinary 
rudder,  with a  normal immersion of 1 2  inches, but which,  when 
the  depth of the  water is sufficient, can by suitable  tackle  be 
further lowered, giving  an increased immersion of 6 inches ; this 
however  was  not  found necessary. 

The  tiller  is connected to a  wheel  forward of the boiler by 
chains  and  galvanized-iron rods, running  through guides in  the 
sockets of the stanchions.  These  stanchions,  twenty-six in 
number, support  an  awning of mahogany,  covering the boat from 
stem to  stern.  From  this  awning a  galvanized-iron wire  netting 
can be suspended,  for  a  protection from the  attacks of the natives. 
There  are  two cabins, accommodating four people,  one forward 
and one aft ; a  stove is fitted in  the forward  end of the  after cabin 
for cooking  purposes. There is also a  lavatory on deck. Four 
rowlocks are provided in case it should  be  necessary to use oars. 

The mode of propulsion is a  special  feature, the design of the 
screws being the result of a  series of experiments made by 
Mr. Thornycroft.  These  experiments  have  been  fully described 
by him in a Paper read at  the  Institution of Naval Architects.1 
Ohe of t,he propellers is  illustrated  in  Fig. 2. I ts  diameter  is 16 
inches, and it has  two blades of a  long  increasing  pitch, in order 
that  the speed of the engines  may be moderate. The pitch of 
the forward  edge of the blade is 37 5 inches, of the  after  edge 
154.5 inches. The mean pitch  multiplied by  the revolutions 
does not  give  the correct  velocity of the screw with  regard  to the 
mater,  on  account of the  great increase of pitch  affecting the  water 
in a  different  manner  to the  true screw. The blades  are of gun- 
metal  cast  upon  a conical boss, the object of this form of boss being 
to contract the stream of water  running  through  the casing  which 
contains the propeller, giving it a greater velocity  corresponding 
with  the  increasing  pitch of the blades. This  stream of water 
has a  certain  amount of circular motion imparted  to it by  the 
blades,  which in  an ordinary  propeller  represents SO much work 

* Transactions, 1883, vol. xxiv., p. 42. 
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lost ; but,  in  the  guide-blade propeller this work is  converted  into 
useful  thrust  by guide-blades,  cast radially  within  the  gun-metal 
casing before referred to. These blades are so curved  as  to  guide 
the  stream of water  leaving  the propeller into  a direct line astern. 
A cigar-shaped  body  made of copper, which  continues  the  lines 
of the boss, is fixed abaft  the propeller, its use being t o  allow  the 
divided  stream  to  unite  gradually. 

As the propeller is 16 inches  in  diameter,  and  the  draught of 
the boat  only 12 inches, had it been placed in  the  ordinary position 
at  the  stern of the  boat it would have  risen 4 inches above the 
water-line; it was,  therefore,  necessary to  have recourse to a 
device  to  give it a  full immersion. This is effected by  placing it 
in  the  channel or cavity, a side-view of which is shown in  Fig. 1 ; 
in  this position the propeller  rises 6 inches above the water-line. 

The action is as follows :-The propeller on being  started 
exhausts  the  air  in  the  forward  end of the cavity ; the  water  then 
rises  to fill the void, and  the propeller  is thus  able t o  work fully 
immersed; at  first sight it would appear that work is  wasted  in so 
raising  the  water,  but on consideration it will  be seen that  this  is 
not  the case, the action  being like  that of a siphon, the  water raised 
in  the forward  part of the  cavity  being balanced by  the fall in  
the  after  part.  The  only  disadvantage  in  this  arrangement is, 
that  the mater  in  the  cavity becomes, as it were,  part of the 
boat, adding to  its  weight  and  consequent  displacement;  this 
disadvantage, however, is  not  appreciable  when  the efficiency 
gained  by  the use of the propeller of larger  diameter  is  taken 
into consideration. 

Had  an  ordinary  screw-propeller been  used, its diameter  would 
have been 2 feet 3 inches  instead of 1 6  inches ; thus  a  reduction  in 
diameter of nearly 60 per' cent.  has  been  obtained by  using  the 
guide-blade propeller. 

Such  a  propeller  is of little use for  going  astern, the boat  being 
almost  unable t o  make  way  against the  tide ; but  when  going 
ahead it can be stopped in  about  two of its own lengths  by 
reversing the engines. 

The efficiency of the propeller running  at 460 revolutions  is 
0.56, rather lower then it would  have been had  the  diameter been 
a few  inches  greater.  The  slip at  full speed is 44.1 per cent. 
Doors are fitted in  the bottom of the boat  over each propeller, to 
enable  them  to  be cleared should  they become clogged with weeds ; 
this  operation can be performed on one propeller without  stopping 
the boat, as  the  other  can  be  kept  running. 

Fig. 3 illustrates a section through  the  cylinder of one of the 
2 D 2  

Minutes of the Proceedings of the Institution of Civil Engineers 1884.78:400-410.



404 CO\VAN AND FAWCUS ON A LIGHT  DRAUGHT LAUNCH. [Selected 

engines;  they  are  single non-condensing, and  exhaust  into  the 
funnel in  the usual  way  with a  view to increasing the furnace 
draught.  The  diameter of the cylinder  is S& inches, length of stroke 
8 inches, and revolutions  about 480 per  minute,  when running  full 
speed. The indicated HP. a t  full speed is about 60. The  thrust 
of the propeller is taken upon the brass of the after-main  bearing; 

F:G. 3. 

this brass is faced with Babbitt’s white metal, 1vit.h which all  the 
principal  bearings of the engine  are  either  lined or bushed. 
The piston-rings  are of Perkins’  metal. Two  .feed-pumps and a 
bilge-pump,  fitted to  the port-engine, are  driven by a worm keyed 
on to  the forward  end of the crank-shaft. The  diameter of the 
plungers of these  pumps is 22 inches,  and the  length of stroke 
2+ inches. The  ratio of the strokes of the engine to those of the 
pump is as 5 to  1. 

The  weight of the engines  per  indicated HP. is about 36 7 lbs. 
The work performed might  have been done by  lighter enginee 
running  at a higher speed, but,  as  they  are  to be in charge of 
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inexperienced  engineers, it was  considered  advisable that  the 
revolutions  should be moderate. 

A HP. diagram, Fig. 4, needs little  remark ; the undulations 
in  the steam-line are caused by  the momentum of the moving 
parts of the indicator ; the cut-off, which 
is not  very  marked  in  the  diagram,  is at  
+-stroke. A curve  on  diagram 9 shows 
the  indicated HP. for different engine- 
speeds. Another  curve  represents  the 
indicated HP. when  the  engines were 
linked  up. It will be noted that  the 
power  required  to run  the engines at a 
given speed  when  linked up was greater 
than  that required  when the steam  was 
throttled. A possible explanation of this 
may be found in  the fact that  the friction 
of the moving parts of the  engine  is 
greater  when  working  with  a  higher 
pressure with  an  early cut-off than 
with  a lower  pressure cut-off later,  and 
also that  the  turning moment is  less 
equable  in  the former case than  in  the 
latter. 

FIG. 4. 

PORT ENGINE. 
HP. . . . . . 27.2 
Revolutions per minute 450 
Spring . . . . . 40 

To construct  a boiler to  supply  steam for 60 HP. engines, in such 
a manner that it could readily be taken  to pieces, and that no part 
should  weigh  more than If cwt., was  a  problem  which  involved 
many difficulties; any boilers in use at  the  time were  out of the 
question, as they  did  not  fulfil this requirement. The boiler illus- 
trated  in Figs. 5 , 6 , 7 ,  and 8, is  that  which Mr. Thornycroft  designed 
for the purpose. This boiler is called Thornycroft’s patent steam- 
generator. 

A  tubular  ring encircles the furnace,  which has a grate-sur- 
face of 7 square  feet ; from this  ring  spring  fifty-two solid drawn 
steel  tubes 14 feet in  length,  and 1 inch in outside diameter; 
these  tubes  are coiled so as t o  form  a  double dome-shaped roof 
to  the furnace. The  tubes  then  rise  vertically,  until  they  join 
the  upper  end of the separator  (Fig. 5); the  joints being  made 
at each  end of these  tubes  by screwed  glands with copper  washers 
for packing. 

The lower  end of the  separator  is connected to  the  tubular 
rings before  referred  to  by  means of a  pipe  returning outside 
the boiler, the coils being encased  in a double  shell  made of thin 
Bessemer steel plates. 
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I n  Fig. 6 is shown this steam-generator reduced to its simplest. 
form  for the purpose of illustrating  its action. Pl is  the 
tubular  ring  at  the base ; P, the pipe  joining the separator, R, to 
the  tubular  ring ; TT are  the  steel  tubes  which form the coils ; 
C is the casing. When  starting,  the  water  being  at  the  level 
shown, the  heat from the furnace  impinges  upon the tubes T T, 
and  rapidly  generates steam ; the lnixture of steam and  water 

FIG. 5. FIG. G .  

thus produced in  the  tubes  being  lighter  than  the  water  in  the 
pipe P, rises and overflows into  the  upper  end of the separator R ; 
the  water  in  the lower end, which  was  protected from the  heat of 
the furnace  by  lagging  the outside of the lower  end with asbestos, 
falls  through  the pipe P (which  being  outside the casing,  was  not 
exposed to  the  heat of the fire) into  the  tubular  ring, and so to 
the tubes,  thus a vigorous circulation is kept up. 
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Referring now to Fig 7, the heat from the furnace enters 
the space enclosed by  the first coil of tubes, passes through an 
opening in  the  centre of this coil, and  descending,  raises the 
temperature of the  water  in  the second coil, and passing  between 
this coiI and  the  outer one  (made  of  copper conveying the feed- 

FIG. 7. 

m 

i 

water), it rises, surrounding  the separator, to  the funnel. The 
mixture of steam and  water  upon  entering  the  upper  end of the 
separator, strikes a cylindrical  gunmetal  screen,  up?n  which are 
cast ribs;  these  ribs  are  set 80 as  to  give a  circular motion t o  
the  water,  which  has  the effect of separating it from the steam, 
the  centrifugal force causing the  water to cling  to the sides and 
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so fall  to  the  bottom;  the steam rises within  the  curtain, and 
escapes through holes in  the  top of the steam-pipe running down 
the  centre of the  separator.  Dry steam is  thus obtained. 

The copper vessel at  the bottom  is for the purpose of collect- 
ing  any  sand or other  dirt  which  may  be  carried  into  the 
separator ; this  dirt can be blown  out through  a pipe  passing  out 
of the top. 

FIG. 8. 

The feed arrangements  are shown in  Fig. 8 ; the  water  which 
is supplied  by either  the feed-pumps on the port-engine, a 
Tangye’s special donkey-pump, or a hand  feed-pump,  passes 
through  the pipe  marked B in the  diagram  into  the  outer copper 
coil before  mentioned,  and enters  the  top of the separator. By 
opening the cock in  the pipe C, this coil can be made into a 
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generating coil when the feed-pumps are not  working, preventing 
the pipe from being burnt;  but should this  pipe  by negligence or 
accident  be  burnt,  the feed-water can be  pumped directly  into  the 
separator  by  opening the cock in  the pipe A and  shutting  that  in 
the pipe B. 

This boiler has  many advantages,  among them  portability  and 
lightness ; its weight  per  indicated HP. being 49 lbs. ; it is a safe 

FIG. 9. 

Speed  scale  inch =l00  feet. 
Scale for I.HP. inch = 10 LHP. 
Scale for coefficient $inch = 10. 

one, and  this is of great importance, as it is to be in charge of 
men  inexperienced in  the use of steam-machinery.  One of the  tubes 
of which the coils are composed, was  tested  to 6,000 Ibs. per  square 
inch water-pressure, without  rupture. Should one of the pipes get 
burnt, i t  can easily  be replaced by a  spare one, whereas, in a Her- 
reshoff boiler this cannot  be done, as  the pipe  forming the coils is 
continuous. 
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Another  advantage  attained is the  rapidity  with  which steam 
can  be  got  up. The following  experiments  were  made  for the 
purpose of ascertaining this point:  the  gauge  started in seven 
minutes  after the fires were lit; pressure of steam, 5 lbs. in  eight 
and a  half  minutes ; 25 h .  in eleven  minutes ; 70 lbs. in  thirteen 
minutes. The engines  were  then  started,  and a steam-pressure of 
90 lbs.  was  registered in fourteen  and a-half  minutes, the speed 
of the engines  being 290 revolutions per minute. The maximum 
working-pressure  was 100 lbs. per  square  inch. 

In  the  trials teak-wood was used as  fuel ; the  amount  required 
for a full-speed run of eleven  hours,  was  about l$ ton. The speed 
attained was 10.49 knots, or just over 12 miles per hour, a very 
good speed  for a boat of that form. 

Messrs. Thornycroft  and Co. have  lately completed a few  small 
torpedo-boats  for the Brazilian  Government,  fitted with guide- 
blade  propellers ; their  length is 45 feet, and  draught 12 inches ; 
and  the speed they  attained  was 15 miles  per hour;  the  extra 
speed must be attributed  to  the  fact  that  the  hulls were con- 
structed  with fine lines. 

In Fig. 9 it will  be noticed that  the performance of the boat 
with one propeller  only running  while  the  other was dragging in  
the water,  gave a better coefficient than when  both  were  running. 

The propellers,  on  account of their positions in  the channels, and 
the casings in  which  they revolved, are  well  protected from any 
injury from  floating logs, which  abound on the  River Congo. 

The boat  can also rest on the shore without  danger of injuring 
the propellers ; and should any one compartment  be pierced and 
filled with water, the boat would still float ; adding  to  this,  the 
safety of the boiler  from explosion, it will  be seen that  the 
liability  to serious accident is reduced to a minimum. 

The Authors, in conclusion, wish t o  express their  thanks  to 
Nessrs.  Thornycroft  and Co., for  placing at  their disposal all 
the  results of experiments  and  other  information necessary for this 
Paper. 

The  Paper is accompanied by  several  diagrams, from which the 
wood-cuts in  the  text have  been  engraved. 
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